Background: Both herpes zoster and malignancy are associated with immunosuppression. However, the associa tion between herpes zoster and the subsequent diagnosis of malignancy is unclear. We undertook this study to assess whether a diagnosis of herpes zoster is a risk factor for subsequent malignancy.
➣ herpes zoster, which presents as a painful vesicular rash occurring in a dermatomal distribution, results from reactivation of the varicellazoster virus in the dorsal root ganglia. 1, 2 The rash is selflimited and resolves in 2 to 4 weeks. 3 Age appears to be the key risk factor for the development of herpes zoster. 4 A decrease in cellmediated immunity is thought to be responsible for the increased incidence of varicellazoster virus reactivation in older individuals. 5 Patients with condi tions resulting in impairment of cellmediated immun ity, such as lymphoma and HIV infection, and those receiving chemotherapy and steroids 6 are at increased risk of herpes zoster. Although it is known that both herpes zoster and malignancy are associated with immunosuppression, 7 studies examining the association between herpes zoster and a subsequent diagnosis of cancer have had discordant results. [8] [9] [10] [11] [12] [13] Two studies showing the pres ence of an association examined the risk of hema tological malignancies following herpes zoster. 8, 9 Similarly, Buntinx et al. 12 examined a database of more than 300 000 patients and found a higher incidence of cancer following a herpes zoster diagnosis among all patients over 65 years of age and among women older than 65 years of age (but not among men of this age group). However, there was no difference in incidence in the first year after diagnosis of herpes zoster, which was interpreted as indicating that the herpes zoster diagnosis was not a marker of undiagnosed malig nancy. Hence, Buntinx et al. 12 recommended against screening patients with herpes zoster for underlying malignancy. Conversely, 3 studies 10, 11, 13 showed no association between herpes zoster and a subsequent diagnosis of cancer. In particular, in a recent retro spective cohort study, Wang et al. 13 found that overall cancer incidence among patients with herpes zoster was no different from the expected rate in the study population. This article reports on what we believe to be the lar gest study to date examining whether a diagnosis of herpes zoster is a risk factor for subsequent diagnosis of cancer. More specifically, we assessed the risk of cancer following a diagnosis of herpes zoster in relation to age, sex, and type of malignancy.
Methods
A matched retrospective cohort design was used to study the subsequent diagnosis of cancer among pa tients with a diagnosis of herpes zoster.
Patients 18 years of age and older were eligible for inclusion in the study. Patients with a history of pre existing cancer or HIV infection were excluded from the analysis.
Data relating to a diagnosis of herpes zoster were derived from the physician billings database in the On tario Health Insurance Plan (OHIP) and were obtained through a comprehensive research agreement with the Ontario Ministry of Health and Long-Term Care. OHIP covers physician and hospital services for all Ontario residents, including approximately 94% of ambulatory physician visits in the province.
14 Herpes zoster has a unique diagnostic code in the OHIP billing system (053). The exposed patients (cases) were those individ uals for whom a first billing code for herpes zoster was submitted during the period of interest (1 Apr. 1993 to 31 Mar. 2010), whereas the unexposed controls were those individuals for whom a billing code for herpes zoster was not submitted during the study period. The Ontario Cancer Registry was used to determine which patients had a diagnosis of cancer and, for those patients with cancer who also had a diagnosis of her pes zoster, whether the cancer diagnosis preceded or followed the herpes zoster diagnosis. The process of cancer registration in Ontario relies on records col lected for other purposes, including hospital discharge and day surgery summaries that mention a diagnosis of cancer, pathology reports with any mention of can cer, records of patients referred to any of the 8 regional cancer centres in the province or the Princess Margaret Hospital in Toronto (the specialized institutions where Ontario cancer patients are treated), and death certifi cates with cancer recorded as the underlying cause of death. Approximately 400 000 records are submitted to the Ontario Cancer Registry each year. Cancer out comes were identified until 31 Dec. 2010. Data were expressed in terms of personyears of followup, and the duration of followup ranged from a minimum of 9 months to a maximum of 5 years.
By definition, exposed cases had herpes zoster and unexposed controls did not. The controls were matched to cases by both age and sex. The date of diagnosis for an exposed case served as the baseline for matching the unexposed control. Simple proportions and means were used to compare the characteristics of exposed cases and unexposed controls. Time periods of 180 days, 1 year, 2 years, 3 years, 4 years, and 5 years were used to exam ine the relationship between cases and controls for the outcome of a cancer diagnosis using multivariate Cox proportional hazard models that controlled for urban v. rural setting, arealevel income, and 6 comorbidities (acute myocardial infarction, 15 asthma, 16 congestive heart failure, 17 chronic obstructive pulmonary disease
[COPD], 18 diabetes mellitus, 19 and hypertension 20 ). The graph of survival function versus survival time was in spected visually, to confirm that assumptions of the Cox proportional hazard models were met. Cases and con trols were censored when cancer was diagnosed or at 5 years, whichever came first.
The study was approved by the Research Ethics Boards of St. Michael's Hospital and Sunnybrook Health Sciences Centre in Toronto, Ontario.
Results
A total of 542 575 individuals received a diagnosis of herpes zoster from 1993 to 2010 and were included in the study, along with the same number of age and herpes zoster. The adjusted hazard ratio tended to de crease with increasing time from the diagnosis of her pes zoster.
For both men and women, the proportion of indi viduals in whom malignancy developed was greater among those with a prior diagnosis of herpes zoster than among those without herpes zoster. Similarly, for all age ranges studied, the risk of malignancy was greater among individuals with a prior episode of herpes zoster. For example, for the age groups 18-49 years, 50-64 years, 65-74 years, and 75 years and older, the relative increase in cancer risk following a diagnosis of herpes zoster was 0.24, 0.15, 0.13, and 0.14 per 100 personyears, respectively, at 1 year and 0.16, 0.10, 0.07, and 0.09 per 100 personyears, re spectively, at 5 years.
sexmatched controls (see Table 1 for demographic characteristics). The mean age of cases and controls was 54.1 years, with the majority of cases (59.7%) occurring after age 49. The 2 groups were similar in terms of loca tion of residence (urban v. rural) and income quintiles. Although the differences for these variables reached statistical significance, they were very small in absolute terms. The cases were more likely to have a history of myocardial infarction, asthma, congestive heart fail ure, COPD, diabetes, and hypertension (p < 0.001), but again the differences were slight.
The incidence of cancer was significantly greater among exposed cases than among unexposed controls across all time intervals studied ( Table 2 ). The great est adjusted hazard ratio (1.19, 95% confidence interval [CI] 1.12-1.25) was seen at 180 days after diagnosis of The number of cancers diagnosed per 1000 person years was greater among those with a diagnosis of her pes zoster for all time intervals and for all cancer types except colorectal cancer at 180 days and 4 years ( Table  3) . For all time periods, lymphoma was the type of can cer with the greatest relative increase in incidence fol lowing a herpes zoster diagnosis. The increase in risk was greatest (by 112%) at 180 days and remained high (by 46%) at 5 years. The greatest absolute increases in risk of malignancy following a herpes zoster diagnosis occurred for the combined category of "other" cancer types, followed by lymphoma, lung cancer, prostate cancer, and leukemia (with some variation in the exact order for different time periods). 
Interpretation
This matched retrospective cohort study examining the risk of malignancy following a diagnosis of herpes zos ter is, to our knowledge, the largest published to date. The results demonstrate an association between her pes zoster and subsequent development of malignancy in both men and women and across all age categories studied. The greatest adjusted and unadjusted hazard ratios for cancer diagnosis following herpes zoster were seen at 180 days, with the hazard ratio persisting but declining over subsequent years. The increase in ad justed cancer risk following a herpes zoster diagnosis was 19% within the first 180 days after diagnosis and 11% at 1 year. Although this analysis demonstrated an increase in risk, the absolute increase was modest, at 1.34 per 1000 personyears at 1 year and 0.84 per 1000 personyears at 5 years. These values correspond to one additional cancer being diagnosed per 1000 people at 1 year after the diagnosis of herpes zoster and one addi tional cancer per 250 people at 5 years following diag nosis. The greatest relative increases in specific cancer types were for lymphoma and leukemia. We also noted an association between the develop ment of herpes zoster and the presence of comorbid ities, namely myocardial infarction, asthma, congestive heart failure, COPD, diabetes, and hypertension. Pre vious studies have reported such an association for COPD, 21 diabetes, 22, 23 and hypertension. 22 Another study found an increased risk of undiagnosed diabetes (odds ratio 2.28, 95% CI 1.28-4.06) among patients presenting with herpes zoster diagnosis. 24 It is possible that all of these conditions are associated with altered immunity, which leads to an increase in cases of herpes zoster. However, the exact mechanisms of the associa tion have not been worked out. A review of the literature revealed several studies documenting an association between diagnosis of her pes zoster and subsequent diagnosis of malignancy. In the earliest of these, Sørensen et al. 25 Our study is among the first to use a populationbased approach in examining the potential association between herpes zoster and cancer. It supports previous work showing that cancer occurs early after herpes zos ter and that hematological cancers are most strongly implicated. Unlike other previous work, it did not re veal any differences between the sexes in cancer occur rence. We examined data for an extended period after the diagnosis of herpes zoster and found that although the risk diminished over time, it persisted for up to 5 years.
This research had some limitations. The data used in the study were collected for purposes other than re search, and the OHIP diagnostic code for herpes zoster has not been validated. However, the Ontario Cancer Registry has undergone extensive validation. 27 The large number of exposed cases and unexposed con trols means that statistical significance may have been found even for small absolute differences. The main results did show an increase in cancer risk following herpes zoster diagnosis ranging between 8% and 19%, depending on the time following diagnosis. It is also possible that the increased risk of malignancy in the first 180 days following herpes zoster diagnosis could be due, in part, to greater clinician attention to the pos sibility of cancer immediately after the diagnosis of herpes zoster.
Conclusion.
There is a risk that malignancy will develop following an episode of herpes zoster, and this risk is present for both men and women and for all age groups 18 years and over. The risk was greatest in the first 180 days following the diagnosis of herpes zoster and per sisted for at least 5 years. Clinicians are encouraged to be vigilant for malignancy in patients presenting with herpes zoster; however, screening cannot be recom mended because of the modest increase in risk and the lack of specificity with respect to cancer type.
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